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EXPlXDENTAL NOISE STUDIES OF 
I"-GUIDE-V-ROTOR-STATOR INTERACTIONS FOR A 
SIXGLE-STAGE AI(IALFIxxJ COMPRESSOR 
By John L. Crigler and W. Latham Copeland 
NASA Langley Research Center 
Studies of noise generation i n  axial-flow compressors have shown that the  
predominant source of d i scre te  frequency noise i s  the  interact ion between the  
velocity fields of t he  f ixed and moving surfaces ( s t a to r s  and mto r s ) .  (See 
refs. 1, 2, and 3 . )  The theore t ica l  studies of reference 1, which indicated 
that the  f a r  f ie ld  radiation pa t te rns  a r e  affected by t h e  relative number of 
ro tor  blades and i n l e t  guide vanes, have been substantiated by experimental 
work on a single-stage coppressor i n  references 2 and 3. 
also showed an appreciable reduction i n  sound pressure l eve l  of the d iscre te  
tone due t o  increased inlet-guide-me-rotor  spacing. 
The experimental data 
The theore i ica l  treatment i n  reference 1 indicates  that the physical char- 
* 
a c t e r i s t i c s  of the noise f i e l d  f o r  t he  inlet-guide-me-rotor  combination a re  
the same as those f o r  the  rotor-s ta tor  combination but gives no indication of 
the  absolute magnitude of t he  noise. 
with the extension of the  experimental work t o  include consideration of the  
ro tor -s ta tor  in te rac t ion  noise as w e l l  as the inlet-guide-vane-rotor interact ion 
noise. 
Information i n  this paper i s  concerned 
L-4817 
APPARATUS AND PROCEDURE 
T e s t  Setup 
A photograph of the  single-stage t e s t  compressor i n  an anechoic tes t  c e l l  
i s  shown i n  f igure 1. The inse r t  i n  figure 1 is a section view of the i n l e t -  
guide-vane, rotor,  and s t a t o r  mounted i n  an annular shaped airflow duct. The 
inlet-guide-vane ( I . G . V . )  assembly used f o r  t he  tests described i n  t h i s  paper 
had 62 vanes. However, results from other I.G.V. assemblies having 31 and 
53 vanes, respectively, have also been obtained. The rotor,  which w a s  taken 
from one stage of a multiple-stage compressor of a je t  engine, had 53 blades 
and the s ta tor  u n i t  had 62 vanes. 
t he  I.G.V. and rotor  and between the  ro tor  and s t a t o r  was t he  same (0.50 blade 
chord). 
t he  same (0.70 inch). 
configurations. 
of ro tor  alone, 1.G.V.-rotor, rotor-s ta tor ,  and 1.G.V.-rotor-stator. 
For t he  basic t es t  setup the  spacing between 
The guide vane chord, rotor  blade chord, and s t a t o r  vane chord were 
Provisions were made f o r  varying the  1.G.V.-rotor spacing 
T h i s  paper gives noise measurement results f o r  configurations 
The compressor w a s  driven by a 52-hp variable-speed e l e c t r i c  motor a t  
speeds up t o  8,250 rpm which corresponds t o  a ro tor  t i p  speed of  530 fps. 
8 
"he acoustic data were obtained by a s ingle  microphone that traversed, a t  
a constant r a t e  of speed, one quadrant of a 12-foot-radius azimuth c i r c l e  and 
i n  a horizontal plane containing the  i n l e t  center l ine .  All acoustic data were 
recorded on magnetic tape. 
10,000 cps, considered adequate fo r  t he  blade passage frequency, w a s  f l a t  
within 9 dB. 
in to  a 10-percent bandwidth f i l t e r  analyzer and a graphic l eve l  recorder. 
The overa l l  response of the  system from 20 cps t o  
For purposes of analysis,  t h e  tape recordings were played back 
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Aerodynamic Performance Data 
This single-stage compressor was designed such that e f f i c i en t  aerodynamic 
operation w a s  obtained over the  range tested. Figure 2 is  a p lo t  of weight 
flow i n  lb/sec, as a function of compressor rpm, f o r  t he  range tested. Airflow 
measurements w e r e  made by an array of p i t o t  s t a t i c  tubes located forward of t h e  
I.G.V. as indicated i n  the  sketch at the top of t he  figure. 
blade angles w e r e  fixed, t he  only way t o  change the  airflow for t he  rotor  alone 
Since the  rotor  
w a s  a change i n  ro tor  rpm. 
with I.G.V. could be varied by changing the  turning angle of the  I.G.V. 
On the  other hand, t he  weight flow f o r  the  rotor  
For 
the  data presented herein, the I.G.V. and t h e  s t a t o r  vanes were set a t  o r  near 
zero turning angle so that there  w e r e  only small differences i n  the m e a n  flow 
conditions a t  the rotor ,  that is, the  rotor operated a t  approximately the  same 
turning angle and power  absorption f o r  all configurations. The weight flow for 
t he  ro tor  alone was a maximum, represented by t he  upper boundary of t he  hatched 
area, and the  weight flow for the  1.G.V.-rotor-stator configuration w a s  a mini- 
mum, represented by the  lower boundary of the hatched area. The weight flow 
. f o r  the  I.G.V. -rotor and t he  rotor-s ta tor  configurations f e l l  about halfway 
between the  two extremes. 
o r  s t a to r  i n  place is probably due t o  blockage. 
This decrease i n  weight f l a w  with e i the r  t he  I.G.V. 
RESUIJTS AND DISCUSSION 
The acoustic data presented i n  this paper are i n  the  form of noise radia- 
t i on  pat terns  showing the  sound pressure level  as a function of azimuth angle. 
These noise radiation pat terns  were obtained w i t h  a narrow band f i l t e r  analyzer 
centered a t  the  fundamental blade passage frequency. 
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I n  figure 3 are  p lo t ted  noise radiat ion pat terns  f o r  the  ro tor  alone and 
f o r  the  1.G.V.-rotor combination with and without 1.G.V.-rotor spacing. 
be seen tha t  a large increase i n  noise level  occurs as a r e su l t  of adding the  
I .G.V.  However, the  higher noise levels generated due t o  the  1.G.V.-rotor com- 
bination are seen t o  be reduced considerably by increasing the  spacing between 
the  I .G .V.  and the  rotor ( t o  6.25 chords i n  t h i s  case). 
reported on previously (see refs. 2 and 3) and when compared with radiation 
It can 
These data have been 
pat terns  calculated by the method of reference 1 were shown t o  be generally i n  
good qual i ta t ive agreement. 
The noise generation, o r  that par t  due t o  interact ion ( tha t  is ,  t h e  in t e r -  
action noise) t ha t  we are concerned with here, i s  believed t o  be caused by 
periodic l i f t  fluctuations due t o  veloci ty  var ia t ions i n  the  flow. Figure 4 
shows the calculated wake width and the  defect i n  velocity along t h e  center 
l i n e  of the wake as a function of the  distance behind the  t r a i l i n g  edge of an 
a i r f o i l ,  as calculated by the  method given i n  reference 4. 
wake prof i les  a re  a function of t he  p ro f i l e  drag and do not take account of 
These calculated 
l i f t .  Experimental data i n  reference 4 indicate t h a t  t he  wake i s  displaced , 
downward with an increase i n  angle of a t tack  (increase i n  l i f t )  but t ha t  the  
reduction i n  velocity (velocity defect)  i n  the  wake with l i f t  i s  re la t ive ly  
small up t o  near t he  s t a l l  angle. T h i s  figure indicates t ha t  an a i r f o i l  ( t ha t  
is, rotor blade) cut t ing through the  wake of an upstream a i r f o i l  (that i s ,  
I . G . V . )  experiences a re la t ive ly  narrow region of velocity defect when close 
behind t h e  upstream a i r f o i l  but t h a t  the  wake increases i n  width and the  defect 
i n  velocity decreases as the  distance downstream of t he  I .G.V.  increases. I n  
f ac t  far  downstream the  rotor  would see essent ia l ly  no velocity defect. The 
velocity along the  center l i n e  of t he  wake i s  only 85 percent of stream velocity 
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when the  ro to r  i s  0.50 chord behind the t r a i l i n g  edge of the  a i r f o i l  while at 
6.25 chords behind t h e  t r a i l i n g  edge of the a i r f o i l  t he  veloci ty  along the  
center l i n e  is  98 percent of stream velocity. The l i f t  fluctuations due t o  
veloci ty  var ia t ions i n  the  flow f i e l d  w i l l  decrease as the spacing i s  increased 
and the  associated in te rac t ion  noise will also decrease. 
reported (see refs. 1 and 2) indicated that a spacer r ing  separating the  I.G.V. 
Results previously 
, 
t 
and ro tor  by 6.25 chords reduced the  noise l eve l  almost t o  t h a t  obtained with 
ro tor  alone and t h a t  fur ther  increases i n  spacing, i n  general, had only small 
ef fec ts  on the noise level .  
*). 
"he preceding discussion has considered the case of the 1.G.V.-rotor com- 
bination and i t s  noise generating phenomena. It is of i n t e re s t  t o  next examine 
the  case of t he  ro to r  and downstream s t a t o r  and t o  compare the resu l tan t  veloc- 
ities and noise leve ls  of the two configurations. 
the theory (see ref. 1) predicts  ident ica l  noise pressure s t ructures  f o r  the 
It has been pointed out t h a t  
1.G.V.-rotor as f o r  the rotor-stator,  but the theore t ica l  treatment gives only 
qua l i ta t ive  and not quant i ta t ive results. Some insight  in to  the  interact ion 
noise produced f o r  these two cases can be obtained from an examination of the 
diagrams of the resu l tan t  ve loc i t ies  as shown in f igure 5. 
The average axial veloci ty  through the duct f o r  the several  configurations 
t e s t ed  was l9O f t / sec  when operating a t  8,250 ro to r  rpm. This i s  the  resu l tan t  
velocity at the  I.G.V. 
r e l a t i v e  t o  the  ro tor  (0.9 radius and neglecting reduced ve loc i t ies  i n  t h e  wake 
of I .G.V.)  as shown on the  figure i s  517 ft/sec.  
defect i n  the wake of the I.G.V. on the  resul tant  velocity a t  the  ro to r  i s  
small (about 2-percent reduction a t  0.5 chord behind the t r a i l i n g  edge where 
If' the  I.G.V. is  set  at zero turning angle, the veloci ty  
The e f f ec t  of the veloci ty  
Vl = 0 . 8 5 ~ ~ ) .  The chief resu l t ing  e f f ec t  of t h e  var ia t ions i n  veloci ty  on the  
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ro tor  blade is  t o  increase the  incidence angle. For the example shown on the 
figure, the i n l e t  air angle relative t o  the r o t o r  i s  increased by approximately 
3 O  when the rotor  passes through the wake of the I .G.V.  at a distance of 
0.5 chord lengths behind the  t r a i l i n g  edge of the  I .G.V.  (where 
This change i n  incidence angle i s  of t h e  same order of magnitude as the t o t a l  
rotor  blade incidence angle i n  uniform flow. Next, consider the  resu l t ing  
velocity on the downstream s t a to r .  The action of the  rotor  turns the stream i n  
the  tangential  direction (Vt, 
resul tant  velocity a t  the s t a to r  vanes i s  232 f t / sec .  
behind t h e  I .G.V.  o r  behind the  rotor  blade i s  of t h e  same form f o r  equal dis-  
tances downstream, the data suggest t h a t  t he  magnitude of the  aerodynamic 
forces differs greatly.  The ro tor  cut t ing through the  wake of the I .G.V.  at  a 
much higher velocity ( r e l a t ive  vel. = 517 f t / sec)  than the  velocity impingement 
from the r o t o r  blades on the  s t a t o r  vanes (232 f t / s ec )  r e su l t s  i n  a much higher 
aerodynamic force f o r  the 1.G.V.-rotor setup than results from the rotor-s ta tor  
combination. On t h i s  basis the interact ion noise might be expected t o  be 
re la t ive ly  greater  fo r  the 1.G.V.-rotor combination than f o r  t he  rotor-s ta tor  * 
combination. 
VI = 0 . 8 5 ~ ~ ) .  
a t  0.9 radius) 133 f t /sec;  therefore, t he  
Now, even though t h e  wake 
To further i l l u s t r a t e  t h i s  phenomenon, some experimental r e su l t s  are pre- 
sented i n  the next two figures. 
ro to r  alone with tha t  of a ro tor  and downstream s t a to r .  The results shown indi- 
ca te  there i s  very l i t t l e  change i n  noise levels,  o r  i n  the radiat ion pat terns  
f o r  the  rotor  alone and the  rotor-s ta tor  combination. 
and a t  t h i s  speed (8,250 ro to r  r p m ) ,  t he  interact ion noise fo r  the rotor-s ta tor  
combination i s  small. However, when a,n I .G.V.  assembly i s  combined with the  
rotor-stator,  a considerable increase i n  the noise leve ls  and change i n  
Figure 6 compares the  radiat ion pat terns  of  
For t h i s  configuration 
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radiat ion pat terns  may be observed. 
s t a to r  combination and the  1.G.V.-rotor-stator configuration. It can be seen 
that the noise leve ls  are markedly increased f o r  the 1.G.V.-rotor-stator config- 
uration over tha t  for  the  rotor-s ta tor  canbination. The results obtained from 
this configuration (I.G.V. -rotor-stator) show the  radiation pat terns  and the 
magnitude of t he  noise leve ls  t o  be about the same as those shown in figure 3 
f o r  t he  1.G.V.-rotor canbination. As in the case of the 1.G.V.-rotor combina- 
t ion,  a 6.25-chord spacer r ing was used t o  separate the I.G.V. and rotor .  The 
results obtained from these tests using the spacer r ing are also plot ted i n  
figure 7. 
occurs when increased spacing is  used i n  this latter configuration. 
reductions are of the same order of magnitude f o r  both the 1.G.V.-rotor and t he  
1.G.V.-rotor-stator configurations. The resu l t s  of t h i s  investigation indicate  
t h a t  the  major sources of the  interact ion noise are the  aerodynamic interact ions 
of t he  I.G.V. and rotor .  
Figure 7 cornpares the  results of rotor- 
It can be observed t h a t  a large reduction i n  noise leve ls  a lso 
The noise 
The aerodynamic interaction of the ro tor  and s t a t o r  
are r e l a t ive ly  weaker and the noise produced is also less. 
It should be pointed out that f o r  a m u l t i s t a g e  compressor the  "stator-rotorn 
interactions may be more important than the "rotor-stator" interact ions f o r  a 
single-stage compressor. 
For the  co&gurations studied the  radiated noise leve ls  due t o  t h e  in te r -  
actions of ro tor  and downstream s t a t o r  vanes are appreciably less than those due 
t o  i n l e t  guide vane and ro tor  interactions.  
var ia t ions i n  the noise leve ls  with a knowledge of l o c a l  f l o w  conditions i n  the  
v i c in i ty  of the  blades. 
It has been possible t o  cor re la te  
7 
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